Abstract. We present a summary evaluation of the distribution and qualitative ranking of the Plio-Pleistocene magnetostratigraphic results obtained to date from Deep Sea Drilling Project and Ocean Drilling Program piston-cored sites. A review of the published magnetostratigraphic records provides insights into the important extrinsic and intrinsic factors. which affect the quality of the paleomagnetic records. The extrinsic factors originate with drilling processes, such as core barrel remagnetization, and steps can be taken to reduce these effects and improve the data quality. The distribution of the high-quality records correlates well both with areas of terrigenous sediment input as well as regions of moderate biological productivity. This suggests that important intrinsic factors include the origin of the original magnetic carrier in the sediment (lithogenic or biogenic) and the degree to which the magnetic carder has been affected by reduction diagenesis.
Introduction
The hydraulic piston corer (HPC) and the advanced hydraulic piston corer (APC) recover thick sequences of mechanically undisturbed deep-sea sediment which are ideal for paleomagnetic study. Since the first use of the hydraulic piston corer on Deep Sea Drilling Project (DSDP) Leg 64, magnetostratigraphy has played an increasingly important role in many of the biostratigraphic and paleoceanographic objectives of both the DSDP and the Ocean Drilling Program (ODP). In addition, deep-sea sediment cores have proven to be a valuable source of information regarding the variation of Earth's magnetic field. On November 7-8, 1994, 30 paleomagnetists met at a Joint Oceanographic Institution/US Science Advisory Committee sponsored workshop on polarity reversal transitions to discuss how to obtain better records of geomagnetic field behavior from ODP cores. The workshop participants advocated obtaining a broader geographic distribution of geomagnetic field behavior records (1) by sampling existing cores that provide high resolution records and (2) by proposing new drill sites to obtain additional high-quality older records. Shipboard laboratory techniques and methods are generally standardized so that the differences in quality between records most likely originate in factors intrinsic to the sediment and the recording process and are not the result of different laboratory approaches.
The objective of this survey was to identify those sediments which are high fidelity records of polarity history. Therefore the following criteria were used to qualitatively rank the magnetostratigraphic records: ß Category 1 records exhibit clear antipodal, normal, and reverse polarity records in which the directions are close to the expected geocentric axial dipole (GAD) directions without excessive scatter. The polarity zones allow an unambiguous correlation with the geomagnetic polarity timescale. Examples of category 1 records include Sites 580 in the northwest Pacific, 664 in the Norwegian Sea, and 767 from the southwestern Pacific (Figure 1 ) . Category 1 sites are listed in Table 1. Category 2 records exhibit nearly antipodal, normal and reverse polarity directions; however, the correlation with the GPTS is complicated by core recovery problems or coring disturbance. These sites would be worth drilling again to obtain a high-fidelity magnetostratigraphic record. Category 2 sites are listed in Table 1. In Category 3 records, both polarities appear to have been recorded; however, unusually large amounts of scatter cause an In some cases (category 4) the sediment exhibits a coherent and apparently stable remanent magnetization, however, the dispersion is too great to allow a polarity assignment. The directional records from these sites cannot be interpreted in terms of polarity. Category 4 sites are listed in Table 1 Examples of these problems include poor core recovery, core orientation, and remagnetizations resulting from exposure to strong magnetic fields encountered in core barrels and the bottom hole assembly (BHA). These extrinsic factors are particularly important to take note of because these are problems that can be remedied for future drilling. intrinsic factors originate in the inherent properties of the sediments themselves and by separating these types of factors we stand to increase greatly our understanding of sediment magnetization.
Extrinsic Factors
Problems with core recovery that produce both obvious and more subtle gaps in the stratigraphic record can be effectively reduced using real time, shipboard core-to-core correlations and by coring multiple holes at a site. Difficulties with core orientation have had serious effects on several legs which drilled in equatorial regions. As discussed in detail in the workshop report, many of the problems with core orientation result directly from drilling operation procedures. The shipboard paleomagnetist and co-chief scientists must recognize the need to monitor closely the core orientation process.
A more difficult problem is the common occurrence of core barrel remagnetization. It has been clearly demonstrated that some of the core barrels have strong internal magnetic fields which in some sediment lithologies are capable of overprinting the original remanent magnetization. In many cases this overprint makes it impossible to retrieve any useful magnetic polarity information from the sediments. The overprint often is identified as a pervasive, radial magnetization, in which the declination is always directed from the center of the core outward usually with some additional vertical component. This type of magnetization is most readily observed, and is most detrimental to the palcomagnetic record, at equatorial or low latitude sites [Schneider and Kent, 1990] ; however, it has also been detected at higher latitudes [Hailwood and Clement, 1991a] . This type of remagnetization evidently caused the failure to obtain a magnetostratigraphic record from the Ceara Rise, a leg where a magnetostratigraphic time framework was an important scientific objective. Tarduno [1994] demonstrated that the depth below the sea floor at which the remanence intensity decreased was related to the amount of organic matter delivered to the sea floor which is a function of water depth.
In some cases it appears that the reduction diagenesis has completely erased the paleomagnetic signal, and therefore sites with an originally high input of organic matter are poor targets for paleomagnetic study. However, there are a few cases where the intensity is observed to increase again below the zone of reduction diagenesis and a polarity record is obtained which appears to be original. This may indicate that the supply of organic matter to the site varied with time, meaning that the reduction diagenesis has proceeded to different extents in different portions of the section [Tarduno, 1994] . It also may mean that other factors, such as overall sediment lithology, had a role in affecting the reduction diagenesis. For example, in the North Atlantic Ocean, as documented in the DSDP Leg 94 sites, the Pliocene sediments are carbonate rich and commonly exhibit very low intensities, and the presence of pyrite indicates that these sediments have undergone reduction diagenesis. However, a stable polarity zonation is observed below this interval, suggesting that these older sediments did not experience the reduction diagenesis to the Reduction diagenesis may be common in most deep-sea sediments and not be necessarily always deleterious. If it occurs to only a moderate degree, reduction diagenesis could even be responsible for a more stable remanent magnetism by the selective removal of ultrafine grained, hence magnetically less stable remanence carriers [Tarduno, 1995] . Only in very slowly deposited sediments such as red clays [Kent and Lowrie, 1974] is there evidence for early oxidation of magnetic minerals, a physical-chemical change which can also result in unstable magnetizations [Henshaw and Merrill, 1980] .
Distribution of Sites
In order to examine further the factors that affect the quality of the magnetostratigraphic records, we plotted the site locations of the ranked magnetostratigraphic records. The distribution of category 1-4 sites is shown in Figure 3a The observed concentration of category 1-2 records in these areas tends to confirm the interpretation that detrital material is critically important to the paleomagnetic recording process.
The one region that runs counter to this interpretation is the equatorial Pacific. This region receives very little input of terrigenous material, and yet a number of important magnetostratigraphic records have been obtained from this region. The alternative interpretation is that biogenic material is an important contributor to the paleomagnetic record, and if so, it will tend to be more important in areas where there is enough organic matter delivered to the sea floor in order to support the magnetotactic bacteria which generate the biogenic magnetic material.
To examine this idea further, we plotted the distribution of category 1 and 2 sites and the Lamont piston core sites on a global map of photosynthesis in the modern ocean (Plate 2). The photosynthesis map shows the distribution of productivity in the modern ocean and provides a first order indication of where we would expect increased amounts of organic matter being delivered to the seafloor. An excellent agreement is observed indicating that some, but not too much, organic matter is required to produce a high-quality magnetostratigraphic record. This would be expected if the bottom dwelling organisms that produce biogenic magnetite require a supply of organic material to survive. Another possible factor in this is that the amount of silica may be an important factor in affecting the quality. Silica content may affect reduction diagenesis, leading to less dissolution of the magnetic oxides and greater preservation of the paleomagnetic record. Sediments accumulating beneath regions of high biological productivity have greater concentrations of silica, hence the possible correlation.
This distribution may be somewhat biased as most of these sites were cored for paleoceanographic objectives, and therefore sites were not drilled into regions, such as the red clay zones in the Pacific, where it is clear that no reasonable fossil record will be obtained. Useful magnetic records have been obtained at least from the upper intervals of cores taken in red clay sediment, indicating that terrigenous input is more important than biogenic magnetite. Therefore it is probably not too wise to draw firm conclusions from these distributions, because the sampling distribution is uneven. However, based on the comparisons of the distribution of quality records with surface sediment lithology and the surface productivity maps, a reasonable correlation between the distribution of high-quality magnetostratigraphic records and surface biological productivity is observed.
Summary and Recommendations
The distribution of magnetostratigraphic records obtained by piston-coring deep-sea sediments provides intriguing hints as to the variables that are important in affecting the quality of the polarity record. Further insights, however, will need to be gained from studies at individual sites with attention given to the possible factors outlined here. In order to move toward a more quantitative assessment of these factors, it is important that future workers report not just the downhole variations in magnetization directions, intensities, and rock magnetic properties but also the means of these values along with the observed dispersion about the means. In sections where the magnetic properties vary considerably, sorting these variations into lithologic or rock magnetic units which exhibit internally consistent properties will provide a more clear picture of the variations. Summarizing the data in these ways, although not always of direct relevance to the specific individual leg objectives, will make direct comparisons of results from other sites and other regions much more straightforward.
It is also important that steps be taken to reduce the effects of the extrinsic factors discussed here. This will not only improve the quality of magnetostratigraphic data, it will also make the underlying intrinsic factors affecting the recording fidelity of sediments more clearly evident.
• 
